Adsorption and thermal reaction of DMMP in nanocrystalline NaY.
In this study, FTIR spectroscopy and solid-state magic angle spinning (MAS) NMR were used to investigate the adsorption and thermal reaction of the nerve gas simulant dimethyl methylphosphonate (DMMP) in nanocrystalline NaY with a crystal size of approximately 30 nm. DMMP adsorbs molecularly in nanocrystalline NaY at 25 degrees C. Gas-phase products of the reaction of DMMP and oxygen in nanocrystalline NaY at 200 degrees C were monitored by FTIR spectroscopy and determined to be carbon dioxide (major product), formaldehyde, and dimethyl ether. In the presence of water, the thermal reaction of DMMP in nanocrystalline NaY at 200 degrees C yielded methanol (major product), carbon dioxide, and dimethyl ether. When the thermal reaction of DMMP in nanocrystalline NaY at 200 degrees C was conducted in the presence of water and oxygen, the predominant products were methanol and carbon dioxide. Hydroxyl sites located on the external zeolite surface were consumed during the DMMP thermal reactions as monitored by FTIR spectroscopy and were therefore determined to be the active sites in this reaction. 31P solid-state MAS NMR experiments were used to identify the surface-bound phosphorus complexes. The reactivity per gram of zeolite was comparable to other recently studied metal oxides such as MgO, Al2O3, and TiO2, and was found to have comparable, if not higher reactivity. Future improvements in reactivity may be achieved by incorporating a reactive transition metal ion or metal oxide nanocluster into the nanocrystalline NaY to enhance reaction rates and to achieve complete reaction of DMMP.